Abstract The effects of xanthan gum (XG) and hydroxypropyl methylcellulose (HPMC) in sponge cakes were studied. Hydrocolloids enhanced the thickening effect in batter that affected the textural attributes of sponge cakes. During storage, the structural changes in XG-cake resulted in higher hardness compared to HPMC-cake. Similar to XG, HPMC also contributed moistness to cake. The moisture loss of cake containing XG was slower than HPMC-cake. FTIR study showed absorption of OH at region of 3600-2900 cm -1 that explained the strong interaction of water in cake containing XG compared to other cake formulations.
Introduction
The qualities of cakes should have a fine, uniform, moist crumb structure, tenderness and tolerance to staling. These desired qualities can be predicted or evaluated through properties of batters and baked cake (Sozer et al. 2009 ). Meanwhile, texture is the organoleptic attributes that influence the acceptance of consumers to the baked product. The texture profiling of baked products includes hardness, chewiness, gumminess, adhesiveness, cohesiveness, springiness and fracture (Shyu and Sung 2010; Li and Nie 2015) .
Many studies have related the staling of cake during storage with its textural changes especially the increase in hardness values. Staling is undesirable changes that cause crumb firming and drying which is taking place between the time cakes is baked and consumed. It is mainly caused by changes in the starch structure and moisture migration from the crumb to dry regions through evaporation and redistribution (Angioloni and Collar 2009; Gómez et al. 2007) .
The problem of staling requires more attention especially for the bakery products that stored on shelves at room temperature, as it may increase the staling rate of the cake, thus influences texture and moistness of the products during storage (Goesaert et al. 2005) . The possible solutions to reduce this process are through the interference of the starch network either through the interaction of the additives with the starch and water; or by disrupting the chain of starch itself. Several studies have shown that using certain additives added into the cake formulation can retard staling process. For examples are emulsifiers (Lee et al. 2014; Ashwini et al. 2009 ) and hydrocolloids (Gómez et al. 2007) .
Addition of hydrocolloids has been reported to improve the quality of gluten free cakes and muffins by increasing the viscosity of batters (Gómez et al. 2007; Singh et al. 2016) . However, the effectiveness of hydrocolloids as anti staling agent in bakery products; specifically in improving the texture of cakes during storage requires further investigation as there are several advantages and disadvantages of hydrocolloids that have been highlighted in terms of their contribution in physical properties related to quality of cakes (Hager and Arendt 2013) . Therefore, the aim of this study was to determine the effects of hydrocolloids on the physicochemical properties, microstructure, moistness and FTIR analysis of baked sponge cakes during storage.
Materials and methods

Materials
Xanthan gum (XG) and hydroxypropylmethylcellulose (HPMC) were supplied by Sigma Aldrich (USA). Wheat flour (Cap Sauh), corn flour (Cap Bintang), eggs (Nutriplus), butter (Buttercup) and white sugar (Prai) were obtained from the local market (GIANT) in ''Materials and methods'' section, Shah Alam, Selangor.
Preparation of sponge cakes
The ingredients for sponge cake were wheat flour (23.8 g), corn starch (13.8 g), sugar (47.5 g), eggs (55 g), butter (11 g) and boiled water (11 ml). Hydrocolloids (XG and HPMC) were incorporated into sponge cake formulations at 1% of dry flour basis (w/w). Before the preparation of sponge cake, 1% XG (0.38 g) and 1% HPMC (0.38 g) were solubilized using 11 ml of boiled water (100°C).
Egg white was beaten using mixer (Panasonic MK-GH1) at high speed (no. 3). Then, sugar was added and the mixture was continuously beaten for 3 min. In other bowl, hydrated hydrocolloid was mixed into yolk mixture and beaten for 1 min. Finally, yolk mixture, dry ingredients and butter were folded in the creamy mixture. Batter was baked in the oven (Revent International) for 30 min at 175°C and cooled. Cake was stored in zip plastic bag (polyethylene, moisture proof) after cooling for 1 h at room temperature (25°C) and storage relative humidity (RH = 84%) (Lee et al. 2014) . The cake of different formulations with and without addition of hydrocolloids was stored for 6 days and the effectiveness of the hydrocolloids were measured at day 0, 2, 4 and 6.
Batter characteristics
Batter density and specific gravity was determined based on Gómez et al. (2007) , while flow behaviour properties were studied using Rheometer (Physica Antor Par MCR 300) (Martínez-Cervera et al. 2012) . Before rheological test, batters were kept at room temperature (25°C) for 1 h to rest the batter and favour the stable network formation. 40-mm diameter plate sensor geometry with a serrated surface and 1-mm gap was employed. A rotational and continuous ramp was applied and apparent viscosity was measured in triplicate as a function of shear rate over the 0.10-100 s -1 ranges at 25°C for 5 min. By plotting the graph (Fig. 1) , all curves were adjusted to Ostwald model following power-law equation: n = Ký n-1 , where n = apparent viscosity, K = consistency index, ý = shear rates and n = flow behaviour index. The value of viscosity was constantly taken at shear rate of 0.50 s -1 .
Microstructure analysis
Microstructure of cake crumb was determined using scanning electron microscope (Carl Zeiss Subra 40VP German). The preparation of cake sample was done after 1 h of cooling. The cake was cut into a size of 0.8 9 0.8 9 0.3 cm and freeze-dried for 2 days. After that, the sample was sputter-coated with gold and observed under the microscope at 2009 magnification (Shyu and Sung 2010) .
Cake volume
The volume of cake was measured from 1 to 2 h after cooling. The volume of cake was measured by using rapeseed displacement. Specific volume was divided by sample mass (Cauvain and Young 2011) .
Texture profile analysis
The method was based on Shyu and Sung (2010) . Two loaf sponge cakes were cut into 16 cubes with a size of 3 mm 9 3 mm 9 3 mm. Then, the cake was packed into 4 zip plastic bag (polyethylene, moisture proof), separately. Each pack contained 4 cubes and labelled as day 0, 2, 4 and 6 and stored on shelf at 25°C, RH = 84%. The first measurement for texture was taken after 1 h cooling (day 0), while the next measurements (day 2, 4 and 6) were taken after 48, 96 and 114 h cooling. For each Fig. 1 Flow behaviour properties of batter of control, 1% XG and 1% HPMC based on power law model: n = Kx n-1 where n = apparent viscosity, K = consistency index, ý = shear rates and n = flow behaviour index. The value of viscosity was taken at shear rate 0.50 s -1 measurement, the outer layer and crust (0.50 cm) of cake was removed to obtain crumb with a size of 25 mm 9 25 mm 9 25 mm. The measurements were performed using 75 mm aluminium cylindrical probe (P/ 75), Texture analyser TA-XT2i (Stable Microsystems England). The speed was set at 2 mm/min at distance of 10 mm. The increase of hardness during storage was used as a parameter in the assessment of staling. Staling index or increase of hardness was calculated as follows (Sim et al. 2011 ):
Increase of Hardness ð%Þ ¼ Hardness after storage À Initial hardness Initial Hardness Â 100
Moisture content and moisture loss
The preparation, packaging and storage conditions for cake sample were similar to the texture profiling analysis (''Texture profiling (TP) of sponge cake'' section). However, the measurement of moisture content was done after 24 h (day 0), 72 h (day 2), 120 h (day 4) and 168 h (day 6). About 0.50 cm of crust and outside layer of cakes was removed and ground using dry blender (Panasonic) for 1 min. About 2 g of ground cake was weighed in aluminium dishes and dried to a constant weight in a Vacuum Drying Oven with Pump Valucell 22 (Germany) at 70°C for 5 h (Ji et al. 2007) . The difference in the weight of the sample before and after drying was used to calculate the moisture content. Moisture losses of the stored cakes for all formulations were calculated by the difference in the moisture content between day 2, 4 and 6 with initial moisture content (day 0).
Moisture content ð%Þ ¼
Weight of cake ðgÞ ðbefore dryingÀafter dryingÞ Â 100 Weight of cake before drying ðg)
Moisture loss ð%Þ ¼ Moisture content day 2=4=6 ð%Þ ÀMoisture content day 0 ð%Þ
Water activity
Water activity was measured after 24 h (day 0), 72 h (day 2), 120 h (day 4) and 168 h (day 6) cooling by using Aqualab Dew Point Water Activity Meter 4TE (USA). Prior to the measurement, the instrument was calibrated using the water activity standards (6.0 mol/kg of NaCl, a w = 0.760). Then, about 2 g of crumb was placed in the cup and held at 25 ± 0.1°C until equilibrium reached. All analyses were conducted in triplicate and the average values were reported (Ji et al. 2007 ).
Fourier transforms infrared (FTIR) spectroscopy
FTIR spectroscopic measurements were carried out following the method of Sivam et al. (2012) with some modifications. In their study, the bread was freeze-dried to reduce the detection of water absorbance bands. About 32 scan were applied and curve fitting was performed using the grams/32 (version 5) software with Gaussian-Lorenzian mix function to examine the amide bands in the region 1500-1800 cm -1 of the FTIR spectra, which not prefer the presence of moist within samples.
In this study, the crumb was not freeze-dried and the sample was taken from the centre of cake. The study was done after 24 h (day 0), 72 h (day 2), 120 h (day 4) and 168 h (day 6) after baking and cooling. About 2 mg of crumb was mixed with 80 mg potassium bromide, KBr (Sigma Aldrich) to form a disc using the compressor. Triplicates samples were prepared for each formulation and analysed by FTIR on day 0, 2, 4 and 6 of storage. FTIR spectra (4 scans) were recorded at a resolution of 4 cm -1 on a Perkin Elmer spectrum TM 100 FTIR spectrometer equipped with a universal ATR attachment. All spectra obtained from 450 to 4000 cm -1 were subjected to a multipoint linear base-line correction. Then, the data obtained was plotted in terms of transmittance (T) versus wavenumbers (nm) to observe the polysaccharide and water absorption spectra.
Statistical analysis
Duncan multiple comparison tests were performed using SAS version 9.3.1 (USA) to determine significant differences between treated samples.
Results and discussion
Rheological properties of batter Figure 1 depicts the flow behavior properties of batters using the power law model (n = ký n-1 ), where n = apparent viscosity, K = consistency index, ý = shear rates and n = flow behavior index. Power law model was chosen for the trend line or regression type in plotted graph because the experimental data did not provide a good fit (R 2 = 0.99). All batters had flow behaviour index (n) of less than 1, thus the model reflected non-Newtonian behaviour in which all cake batters had shear thinning behaviour, which indicated that the viscosity of batter was continuously decreased when subjected to shear stress (Baixauli et al. 2008 ).
In Table 1 , 1% XG batter (0.30) had significant low 'n' values followed by control (0.39) and 1% HPMC (0.49) batters. The 'n' values for the batters (non-Newtonian fluid) was in agreement with Turabi et al. (2010) , Baixauli et al. (2008) and Martínez-Cervera et al. (2012) . These authors reported 'n' less than 0.6, which proved that the batter was thick emulsion and did not show a physical characteristics of water (if n = 1). The significant high 'n' value for HPMC batter may explain that the addition of HPMC thinned down the batter compared to control and xanthan batter. It may be due to its double action as surface active and low thickening properties. Its properties as surface active may had disrupted the network structure within the batter. Meanwhile, the formation of gel network in HPMC batter may have reduced due to low temperature (Hager and Arendt 2013; Damodaran et al. 2008) .
The apparent viscosity of 1% XG was significantly higher (p \ 0.05) compared to 1% HPMC and control with 72.57, 25.23 and 22.33 Pa s, respectively. The viscosity of control batter can be explained based on results of Martínez et al. (2015) where the amount of water, protein and starch may affect the viscosity of batter through its solubility, gelatinization and unfolding. These processes involved high water absorption that diminishes the free water available in solution, which increased the apparent viscosity.
The same principle can be applied to describe the viscosity of batter containing hydrocolloids where the solubility and gelation of hydrocolloids within the batter also involved the water absorption, which diminish the free water available in solution and increased the apparent viscosity. Besides, an additional interaction of hydrocolloids with the starch, protein and water were proposed since there was an increase in viscosity of hydrocolloids batter. The significant different in batter viscosity of 1% XG batter and 1% HPMC batter was due to its thickening properties and different chemical structures (Damodaran et al. 2008) . The native form of xanthan gum below the melting point is a rigid double helix structure stabilized by non-covalent bonds. During the disruption of its chemical structure, more favourable interaction between xanthan gum molecules and ingredients in batter occurred. Then, its conformation change to native forms, which was a rigid and stabilized double helix structure after the removal of shearing effects (Navidghasemizad et al. 2015; Hager and Arendt 2013) . For these reason, it thickened the liquid batter and produced high apparent viscosity. Ronda and Roos (2011) also related the increment of apparent viscosity with the presence of hydrocolloids, which contributed by its high water binding capacity. High water binding capacity of ingredients reduced the amount of free water available, thus retarded the movement of particles in batter. From the results obtained, it could be concluded that batter containing 1% XG had high water binding capacity followed by 1% HPMC and control.
The consistency values may provide the idea of the fluid viscosity (Björn et al. 2012) . Control (17.30 Pa s n ) and 1% HPMC (15.67 Pa s n ) had significantly low consistency index (K) compared to 1% XG (39.24 Pa s n ). Low K values may be attributed to the weak gel strength of emulsified structure in control and 1% HPMC batter. In 1% XG batter, significant high 'K' values (39.24 Pa s n ) was observed showing that the strengthening effect was due to the interaction of starch with xanthan gum (Cho and Yoo 2015) . In this study, the consistency index (17.30-39.24 Pa s n ) was in agreement with the consistency index (10-110 Pa s n ) obtained in other studies on cake batters (Barcenas and Rosell 2006; Baixauli et al. 2008; Turabi et al. 2010; Martínez-Cervera et al. 2012) . Microstructure of sponge cake
The micrograph in Fig. 2 shows the inner surface structure of the sponge cakes using a scanning electron microscope (SEM) analysis with 2009 magnification. Figure 2a shows some formation of coalesced pores and homogenous distribution of tiny air bubbles, thus resulted in less dense structure in control cake. The surface of control cake was quite rough (not smooth) compared to 1% XG and 1% HPMC. This condition may explain the homogeneous pores distributions in control. In 1% XG cake (Fig. 2b) , the crumb structure was dense and compact due to its strong polymer interaction with the ingredients in batter. As a result, it forms a dense, compact and thick wall structure (Zhao et al. 2009; Ashwini et al. 2009 ). The larger and heterogeneous pores distribution in cake was due to rapid coalescence of air bubbles in XG batters.
Coalesced pores formation can also be observed in 1% HPMC cake (Fig. 2c) . However, the cake structure was less compact compared to 1% XG cake since there were voids spaces and small arrangement of air bubbles structure. Many have studies suggested that HPMC may exhibit double actions in batter. Low thickening properties of HPMC favours the formation of stable emulsion structure to avoid sedimentation or collapsed cake. It was due to its hydrophilic properties, which interacted with starch (Shohreh et al. 2012) . Meanwhile, HPMC also acted as surface-active molecules that weakened the protein network in batter, thus exhibits less strengthening effects than XG (Mohammadi et al. 2014; Hager and Arendt 2013; Zhao et al. 2009 ).
Texture profile analysis
Hardness of sponge cake
Initial hardening effect in cake texture was due to starch retrogradation, mainly involving amylose recrystallization during cooling (Goesaert et al. 2005; Hager and Arendt 2013) . Hardness of XG cake in Fig. 3a was significantly higher than 1% HPMC and control cakes. This indicated that the presence of XG has hardening effect on cakes compared to HPMC and control. XG able to stabilize and support the starch and protein network in batter emulsion thus increases the rigidity of batter. In addition, the strengthening effect could be due to molecular entanglements between XG and gluten proteins, enhanced by ionic interactions of its carboxylate groups and strong polymeric interactions in cake (Mandala and Sotirakoglou 2005) .
The correlations of hardness and cake properties were obtained in Table 1 to determine the significant effects of hydrocolloids in crumb texture of sponge cake. It was found that batter density and specific gravity were positively correlated with hardness (p \ 0.05) but the correlations (r density = 0.5136 and r sp. gravity = 0.4468) were not strong. Meanwhile, no significant correlation was observed between hardness and cake volume. Another study by Gómez et al. (2011) on effect of batter freezing conditions and resting time on cake quality also produced weak and negative correlation between hardness and cake volumes.
Hardness of 1% XG was significantly higher than 1% HPMC even though no significant difference in cake volume was observed between these two formulations. This may be due to the fact that more dense structure was observed in 1% XG as compared to 1% HPMC. The dense, thick wall and heterogeneous pored structure can be related with the high hardness values. Farzi et al. (2015) reported that highly porous structure and homogenous pore sizes in cakes represent uniform aerated structure while sample that has no bubble expansion shows a quite dense structure. On the other hand, more void spaces within the crumb were observed in 1% HPMC (Fig. 2 ) that able to explain the low hardness of this cake.
In order to predict the hardness of sponge cakes, new parameters such as flow behaviour properties (viscosity and consistency index) were observed. (Cho and Yoo 2015) .
On day 2 (Fig. 3a) , all cakes showed an increment in their hardness values where 1% XG cake (420.63 g) has significantly highest hardness value compared to 1% HPMC-cake (286.72 g) and control cake (250.62 g) and it is related with starch retrogradation (Gómez et al. 2007 ). According to Goesaert et al. (2005) , amylopectin (72-75%) dominates the content of starch granules compared to amylose (25-28%), and plays a major role to the changes of texture in baked products during storage. Amylopectin slowly recrystallized during storage and caused an increase in crumb firmness (Goesaert et al. 2005) . This process involved the progressive association of gelatinized starch segments into more ordered structure (Jia et al. 2008) . Jia et al. (2008) attributed the moisture loss from crumb to primary firming process that caused rigidities to the crumb structure while the secondary firming was due to starch retrogradation. During initial days of storage (day 0 and day 2), 1% XG cake had high initial increase of hardness (Fig. 3b) compared to control cake and 1% HPMC cake. Singh et al. (2015) showed that addition of XG increase the volume of gluten-free rice muffins due to an increase of batter viscosity. On the other note, this study was instead found that the increment of batter viscosity in cake batter was reduced. The presence of xanthan gum with other thickening agents such as starch and sugars produce highly viscous batter compared to control batter without hydrocolloid. The highly viscous batter significantly correlated (p \ 0.05) with the increase of cake hardness as shown in Table 1 .
At day 4 and day 6, increment of hardness in 1% XG cake was slow than 1% HPMC and control. These could be related with its high retention of water as shown by lower moisture loss in cake containing XG during storage (Fig. 4b) . For 1% HPMC cake (Fig. 3a) , the softening effect of HPMC could maintain the initial hardness values of sponge cake similar to control cake. It also had low (p \ 0.05) hardness values compared to 1% XG. However, it failed to maintain the softness of cake since the increased in hardness (Fig. 3b ) and moisture loss (Fig. 4b) was observed during storage. Addition of hydrocolloids cannot interfere the starch retrogradation from occurring although it able to form interaction with the starch (Fig. 3b) . Meanwhile, their thickening properties only cause an increase in rigidity of cake structures. 
Cohesiveness of sponge cake
Cohesiveness (Fig. 3c ) was evaluated to test the resistance of cake to withstand second deformation compared to its behaviour under the first deformation. It is related with the integrity of the cake (Zohng 2013) . At day 0, cohesiveness of all cakes was not significantly different. Therefore, the integrity of all cakes was assumed to have stable network formation. Then, the cohesiveness of 1% HPMC started to decrease at day 2 while for control and 1% XG, the cohesiveness decreased at day 4 and day 6, respectively.
In previous study, cakes containing the oat-guar gum show a cohesiveness reduction, due to the disruption within the intermolecular interaction and continuity of network system within the cakes (Gularte et al. 2012; Icoz and Kokini 2007) . This may explain the action of HPMC in cake. In control and 1% HPMC cake, the deformation of protein structure may have occurred, thus decreased the value of cohesiveness in sponge cake (Zohng 2013) . For 1% XG cake, cohesiveness values of sponge cake were more stable by the addition of xanthan gum, which took longer time to disrupt the cohesiveness of cake. At day 6, the cohesiveness of cake containing XG (0.78) was significantly high (p \ 0.05) than control (0.66) and 1% HPMC (0.65). This may be due to its stable emulsified structure as well as the strengthening effects of xanthan Fig. 4 a Moisture content, b moisture loss and c water activity of sponge cakes (control, 1% XG and 1% HPMC) during storage at room temperature. Mean with different small letters (between different cake) and capital letters (between same cake) indicated significant different (p \ 0.05) gum that were able to support the intermolecular association in cake. This effect could be observed in Fig. 2 .
Moisture content and moisture loss of sponge cake
For plain sponge cake, moisture content was reported in range between 25-32% (Cauvain and Young 2011) . Figure 4a, b shows moisture content and moisture loss of sponge cake at day 0, 2, 4 and 6. At day 0, moisture content of control (32%), 1% XG (32.1%) and 1% HPMC (32.4%) were not significantly different, which was similar to the finding obtained by Eduardo et al. (2014) where the moisture content of bread containing hydrocolloids (47.9-48%) were slightly higher compared to control bread (47.2%).
At day 2, no significant differences (p [ 0.05) of moisture content were observed among all cakes. However, moisture content of all cakes at day 2 was significantly (p \ 0.05) lower than day 0 with values of 26.53, 26.72 and 26.55%, respectively. Moisture content also showed continuous decreasing after day 4 and day 6 (Fig. 4b) . This indicates that the storage temperature (25°C) affects the stability of cakes due to water migration and redistribution, thus causes dryness to these cakes (Sozer et al. 2009 ). This was reflected in the decreasing values of water activity (Fig. 4c) due to moisture loss in all sponge cakes during storage. From these findings, it indicates that hydrocolloids cannot prevent the moisture migration to occur during storage.
However, 1% XG cake had the highest moisture content in comparison to other samples. This might be due to its strong water binding properties that able to entrap and retain more water within the thick wall and compact structure (Fig. 2) . High batter consistency and water binding capacity of the hydrocolloids may decrease the degree of crumb degradation or maintain stability of cake structure during storage (Mohammadi et al. 2014) .
At day 6 (Fig. 4b) , the moisture loss for the cakes treated with hydrocolloids was 8.40-8.70%, which significantly lower (p \ 0.06) than control cake (11.41%). These show that the incorporation of hydrocolloids able to retain the moisture through its interaction with starch, which slow the moisture loss. However, no significant correlation was obtained between moisture content and hardness in this study (Table 1) . Based on Barcenas and Rosell (2006) , the change of moisture content of baked products is contributed by staling through evaporation and water redistribution. There are two circumstances being proposed for moisture loss. First, when there is moisture gradient between the crumb and the surrounding. This can be pronounced as water migration from crumb to crust. Secondly, the moisture loss is due to the changes in starch structure. The moisture migration and distribution is bound to occur as retrogradation of amylopectin of starch occurs (Goesaert et al. 2005) .
The second process may explain that the different in moisture loss amongst the cakes containing hydrocolloid might be due to the changes in starch molecules during storage. During baking, starch gelatinization occurs and disrupts the original conformation of starch from order state (crystallized) to disorder state. Cooling process of cake after baking involves the changes of starch from disorder to order state (crystallized), which is also known as retrogradation. The changes in starch during heating and cooling are a reversible process (Angioloni and Collar 2009) . During storage, water molecules in crumb might be used by amylopectin to form a stable conformation structure known as double helical structure. Consequently, it reduces the availability of free water molecules and cause dryness to the crumb. This process also causes the firmness of crumb to increase with time (Damodaran et al. 2008) .
Water activity of sponge cake
At day 0 (Fig. 4c) , all cakes were considered moist since they had high relative humidity of about 88% (a w = 0.88). At day 2, significant decrease in water activity was observed in all cakes except for 1% XG cake. Further decrease in water activity was observed in all cakes formulations at day 4 and day 6. Water activity was positively correlated (0.862, p \ 0.01) with moisture content where low water activity indicated low moisture content in cake. Lower water activity indicated rapid loss of moisture occurred within crumb (Cauvain and Young 2011) , which may have resulted in tougher cake as reflected in Fig. 3a .
At day 4, 1% XG cake (0.8530) had high water activity compared to 1% HPMC (0.8470) and control cake (0.8430). Further storage at day 6 showed that 1% XG cake still contained the highest water activity compared to all cakes followed by 1% HPMC and control cakes. This finding shows that 1% XG cake has better ability to maintain the moistness as compared to 1% HPMC and control cake.
FTIR analysis of crumb during storage
The abundance of water (OH stretching vibration) in cake crumbs are observed using FTIR spectra between 3600 and 3000 cm -1 , while a broad envelope at 1200-800 cm -1 was assigned to the polysaccharides bands to observe the change in intensity of functional group due to the polymeric interactions by hydrocolloids (Sivam et al. 2012) . At day 0 (Fig. 5 ), 1% HPMC cake had broad OH stretching vibration at 3500 cm -1 followed by 1% XG and control cake, suggesting that there was a strong molecular interaction (inter/intra) of hydrogen bonds within the crumb structure (Bilanovic et al. 2015; Icoz and Kokini 2007) . High absorption bands at 1100-900 cm -1 for hydrocolloids cakes suggested that there was more ordered saccharide conformation structure occurred in hydrocolloid cakes compared to control cake. It showed that there was an additional interaction of alcoholic (-CH 2 OH groups) of hydrocolloids with ingredients (water, intrinsic phenols in flour), forming H bonding interactions, thus spread the distribution of C-O stretching frequencies and broaden the peaks (Sivam et al. 2012) .
On day 2 (Fig. 5) , the migration of water was assumed to occur within the crumb as aerated cake structures tend to lose its stability or tend to degrade. The arrangement of starch structure through starch retrogradation involves moisture, which affects the stability of cake structure during storage. This could be observed in low values of water activity (Fig. 4c ) in sponge cake on day 2 compared to day 0. The changes in cake structure include the decrease in cohesiveness as in Fig. 3c . The crumb of 1% HPMC cake was physically interacted with water as the broad area of OH stretching vibration could be observed at region (3600-2900 cm -1 ). Meanwhile, on day 4 and day 6 (Fig. 5) , the ability of XG to maintain the water in 1% XG cake could be observed as it had the broadest absorption of OH stretching vibration compared to 1% HPMC and control at the region 3500 cm -1 . This might be due to strong bonded of water molecules to the active site (carboxylate group) of XG, which indicates that the hydrocolloids can restore the water within the cakes structure during storage. The interaction of loose water-solid interactions at a macromolecular level is important to keep water in immobilize state, so that it can retain the moisture (Curti et al. 2014) . XG may physically bond to the water through its carboxyl group (COO -) and OH groups, while HPMC may restore the water through its OH group (Navidghasemizad et al. 2015; Shohreh et al. 2012) .
Control cake shows a decrease pattern of water distribution over the storage that is related to the weak absorption of OH stretching vibration at 3500 cm -1 . The crumb of control cake was more dried compared to 1% XG and 1% HPMC cakes since control cake had significantly higher moisture loss and lower water activity (Fig. 4b, c) compared to 1% XG cake. The loss of moisture for amylopectin retrogradation was suggested since the storage conditions for all cakes were similar. It was because the availability of sufficient moisture required for the starch recrystallization. The moisture mobilized long polymer chain segments until these chains were gradually aggregated through intramolecular binding (Wang et al. 2015) . Without hydrocolloids, the moisture is more available for Fig. 5 FTIR spectra of stored sponge cakes (control, 1% XG and 1% HPMC) at day 0, 2, 4 and 6 starch recrystallization. The broad OH vibration stretching of HPMC and XG might be related to its interaction with polymer ingredients and water molecules. These are reflected in smooth, compact and thick wall structure of XG cake in Fig. 2 , which may indicate its strengthening effects in cake structure that able to immobilize the water molecules within the cake.
Conclusion
In conclusion, the hardening effect was observed in XG cake where the cake had thick wall, compact structure and more heterogeneous pores distribution as seen in SEM study. The strengthening effects of XG increase the rigidity of batter and crumb hardness of sponge cakes. For stored cake, the mechanism of staling (starch retrogradation and moisture distribution) was continuously occurred in all sponge cakes formulations. The decreasing of moisture content and water activity, increasing of moisture loss and hardness, and the changes in OH distribution in FTIR over the storage from day 0 to day 6 confirmed the staling process occurred in sponge cakes.
The addition of XG and HPMC were able to reduce the staling process by minimizing the water loss that retained more moistness. However, XG and HPMC could not interrupt the starch retrogradation within the cake. Moreover, its interaction with starch resulted in higher values of crumb hardness. The continuity of starch and protein network was undisrupted in XG cake, thus resulted in higher values of crumb hardness compared to HPMC cake. For sponge cake, HPMC is more suitable to be added as additives than XG because it imparts the softening effects in crumb texture.
